INTRODUCTION {#sec1-1}
============

Basically, there are three causes for the existence of microfiltration: the first is the interface between the sealant and core material, the second is the interface between the sealant and the dentin wall, and the third cause of microfiltration is within the endodontic cement itself, that is, the porosity that the endodontic material presents. Corono-apical and apico-coronal filtration may be the form of the distribution of this filtration. The percentage of entry of microorganisms in the endodontic material would also be influenced by the pore distribution, size, and connectivity between them. In addition, the porosity is directly influenced by relating it to the microfiltration behavior of the obturation material of the root canal, and as a consequence, it will be related to the solubility.\[[@ref1]\]

The techniques that have been used in the past to verify the porosity of the duct filling material\[[@ref2]\] are complex and difficult to reproduce.\[[@ref3]\] Unlike techniques that are being used as mercury perfusion,\[[@ref4]\] porosimetry with adsorption isotherms / nitrogen desorption,\[[@ref5]\] which allows the reproducibility of studies, there is currently a new technique that It is the computed tomography (micro-CT). It is a three-dimensional imaging technique that leaves the sample intact and is being used as an alternative means to determine the porosity of a biomaterial.\[[@ref6]\]

MATERIALS AND METHODS {#sec1-2}
=====================

In this *in vitro* study, silicone tubes were used as molds to place the repair materials (*n* = 16); each silicone mold had a height of 5 ± 0.1 mm and an internal diameter of 5 ± 0.1 mm, filled with mineral trioxide aggregate (MTA) Fillapex^®^(*n* = 8), and the other sealant cement used was BioRoot^®^ root canal sealer (RCS) (*n* = 8). All samples were prepared by a single operator following the manufacturer\'s instructions for powder-to-liquid ratios, preparation time, and setting time.

Sample preparation {#sec2-1}
------------------

The silicone molds were proceeded to clean the internal part that is empty and were placed on a glass plate. Subsequently, a repair cement was mixed, until the eight samples per group were made according to the material used, in which the endodontic cement was placed by means of an amalgam holder and a metal spatula to fill the silicone molds; this procedure was repeated in each sample of the two materials that were analyzed in the present study. We waited for 24 h by which the materials merged completely according to the indications of the manufacturers before passing to the analysis by means of the micro-CT (SkyScan 1174, Bruker micro-CT, Kontich, Belgium). The silicone mold was not removed from repairing cements because being a material that allows the passage of X-rays that produce the micro-CT does not influence or alter the study. In each sample that was found to be defective due to voids in the repair material in the silicone mold, the sample showing the defect was removed and replaced with a new sample.

Scanning of microcomputed tomography {#sec2-2}
------------------------------------

The samples were scanned using a micro-CT (SkyScan 1174, Bruker micro-CT, Kontich, Belgium). The following scan parameters were applied: 50 kV and 800 μA voltage source, 9.6 μm pixel size, 0.80° rotation to achieve 180° total rotation and exposure time of 16,000 ms. Using NRecon software (Skyscan), the 450 images obtained from the scan were reconstructed to show two-dimensional slices of the internal structure of the MTA Fillapex^®^ and BioRoot^®^ RCS samples. Three-dimensional reconstruction, volumetric analysis, and measurement of the pore volume were analyzed using CTan and CTVol (Bruker SkyScan, Belgium) software of 450 cross-sections of each sample.

Statistical analysis {#sec2-3}
--------------------

The porosity values present in the endodontic repair cement samples analyzed in the study were compared using the Student\'s "t-" tests for independent samples (SPSS version 24.0, SPSS Inc., Chicago, IL, USA). *P* \< 0.05 was considered statistically significant.

RESULTS {#sec1-3}
=======

Through the sagittal and transverse sections of the samples \[[Figure 1](#F1){ref-type="fig"}\], it was possible to quantify the volume of each pore per mm^3^, the number of pores per surface, and the total porosity present in the endodontic materials, both based on MTA and based on calcium silicate \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\].

![Porosity images of Biodentine® and ProRoot® mineral trioxide aggregate obtained through microcomputed tomography. (a) Three-dimensional model with the presence of endodontic material and porosity. (b) Three-dimensional model of porosity. (c) Cross-section of the repair material and present porosity of Biodentine® and ProRoot® mineral trioxide aggregate. The white color represents the presence of pores and the gray is the repair material without porosity](JCD-21-491-g001){#F1}

###### 

Results of the porosity study through a microcomputed tomography of the mineral trioxide aggregate Fillapex^®^ and BioRoot^®^ materials from each of the samples
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###### 

Number of pores per area, volume of each porosity per mm^3^, and total porosity of BioRoot^®^ and mineral trioxide aggregate Fillapex^®^

![](JCD-21-491-g003)

It has been found that the repair material based on MTA Fillapex^®^ has better properties in regard to porosity unlike the material based on calcium silicate BioRoot^®^ RCS, since the results of MTA Fillapex^®^ in what refers to the amount of pores per surface are notably lower than those presented by BioRoot^®^ RCS (*P* = 0.000). In addition, the volume of each pore per mm^3^ in MTA Fillapex^®^ is smaller in volume than the MTA (*P* = 0.006) and the total porosity is also smaller in MTA Fillapex^®^(*P* = 0.051).

DISCUSSION {#sec1-4}
==========

In the characterization of dental materials, the micro-CT has obtained much popularity, by not altering or destroying the sample analyzed, and its innovative three-dimensional technology.\[[@ref7]\] Although the micro-CT is widely used for the characterization of porous materials, the precision and reliability of this method still require a greater specialization.\[[@ref8]\]

The use of computed microtomography in the area of endodontics has been one of the specialties in which the micro-CT is being used since the endodontic materials can be evaluated, as well as the techniques of duct filling.\[[@ref7][@ref9]\]

In a study conducted by Viapiana *et al*.\[[@ref10]\] in which they investigated the ability of BioRoot^®^ RCS and AH Plus^®^ to effectively seal the root canals in an *ex vivo* study using a micro-CT, the results showed that BioRoot^®^ RCS had more percentage of porosity than AH Plus^®^ in a significant way. BioRoot^®^ RCS exhibited a different pattern of sealing penetration and interaction with dentin walls compared to AH Plus^®^. In the same way, it happened in the present study in relation to BioRoot^®^ and the porosity within the material analyzed by means of a micro-CT, since MTA Fillapex^®^ presented less porosity when compared with BioRoot^®^. They reaffirm Camilleri *et al*.\[[@ref11]\] who evaluated the porosity of four endodontic materials, BioRoot^®^ RCS, Biodentine^®^, a prototype of tricalcium silicate cement (TCS-20-Zr) and an intermediate restorative material (IRM); the porosity was measured using mercury intrusion porosimetry. The results determined that Biodentine^®^ and IRM exhibited the lowest levels of porosity in the aforementioned endodontic materials.

With regard to studies carried out on porosity by means of a micro-CT analyzing the MTA Fillapex^®^ endodontic cement, we have not known so far any study in the scientific literature, with which we can compare the results obtained in the present study. However, there are studies carried out using mercury intrusion porosimetry, as in the case of the study conducted by Marciano *et al*.\[[@ref12]\] who investigated the porosity of calcium silicate-based sealants. They prepared experimental sealers based on the calcium silicate with calcium tungstate and zirconium oxide radiopacifiers by mixing 1 g of powder to 0.3 ml of 80% distilled water and 20% propylene glycol. MTA Angelus^®^ and MTA Fillapex^®^ were used as controls. The results concluded that the prototype sealants showed a percentage porosity similar to MTA, but that MTA Fillapex^®^ exhibited the lowest porosity of all the sealants analyzed in the study. In the same way, Gomes *et al*.\[[@ref13]\] investigated the physical characterization of porosity in MTA Fillapex^®^ endodontic sealants, AH Plus^®^, Sealer 26^®^, and Endofill^®^. Using the technique of analysis of porosity by intrusion of mercury. The porosimetry showed that the MTA Fillapex^®^ had the best results with a lower porosity than the other sealing materials. Sealer 26^®^ showed the highest porosity among the cements analyzed.

CONCLUSIONS {#sec1-5}
===========

Within the limitations presented by the *in vitro* study, and considering the results of the analysis of the images obtained through the micro-CT in the samples of the repairing cements with regard to porosity, it is observed that the repair cement MTA Fillapex^®^ presents less porosity compared to the porosity present in BioRoot^®^ RCS.
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